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PARVOVIRUS CAPS IDS 
BACKGROUND OF THE INVENTION 
Technical Field 
The present invention relates, in general, to a 
5 method of producing parvovirus antigens, and in 
particular, to a method of producing empty, and thus 
non-infectious, parvovirus capsids, and to diagnostic 
assays and vaccines utilizing same. The invention also 
relates to a method of packaging and delivering genetic 
10 information using the empty parvovirus capsids. 

Background Information 
Parvoviruses are common agents of animal 
disease. The first strong link between parvovirus 
infection and human disease came from the serendipitous 
15 discovery in 1975 of parvovirus-like particles in the 
sera of normal human blood donors (one of the samples 
having been designated B19) . Since that time, B19 
parvovirus has been identified as the causative agent of: 
i) the transient aplastic crisis (TAC) of hemolytic 
20 disease; ii) the common childhood exanthem called fifth 
disease; iii) a polyarthralgia syndrome in normal adults 
that may be chronic and resembles in its clinical 
features, rheumatoid arthritis; iv) some cases of anemia 
and/or neutropenia; and v) some cases of hydrops fetalis. 
25 The entire spectrum of human illness caused by 
parvoviruses, however, is not yet clear due, in large 
part, to the fact that an appropriate assay is not 
available. 

Because of the very limited size of parvoviruses 
30 (about 5 kilobases) , these viruses require replicating 
cells for propagation, and parvovirus infection, 
therefore, results in pathologic changes in mitotically 
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active host tissue. In infected children and adults, B19 
parvovirus replicates in the bone marrow; in the fetus, 
B19 parvovirus replicates in the liver. Erythroid 
progenitor cells are the only cell type known to be 
5 subject to infection by this virus. 

The limited host range of B19 parvovirus has 
hampered the development of assays specific for the 
virus. Since the discovery of the virus, the quantity of 
B19 antigen available as a reagent has been limited to 

10 that obtainable from sera of infected patients. The 
replication of the B19 parvovirus has recently been 
effected in human bone marrow cell cultures (Ozawa et al 
Science 233:883 (1986)). The bone marrow cultures, 
however, require explanted bone marrow cells and, 

15 therefore, are not practical for virus propagation. The 
development of* and availability of clinical assays 
continue to be limited by the availability of the 
antigen. The production of stable transf ormants capable 
of producing B19 protein products has been prevented by 

2 0 the fact that some of these products are lethal to 
transf ected cells. 

Summary of the Invention 
It is a general object of the invention to 
provide a method of producing large quantities of 
25 parvovirus antigens. 

It is a specific object of the invention to 
provide a method of effecting the expression of 
parvovirus structural proteins in cell culture. 

It is another object of the invention to provide 
30 non-infectious parvovirus capsids. 

It is a further object of the invention to 
provide a safe and effective method of producing 
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antibodies against parvovirus capsid proteins. 

It is a still further object of the invention to 
provide a vaccine effective against parvovirus infection. 

It is another object of the invention to provide 
5 diagnostic assays for detecting the presence in 
biological samples of parvovirus particles or antibodies 
thereto . 

It is a further object of the invention to 

provide a method of treating hemoglobinopathies, enzyme 
10 deficiency states and other diseases that may be amenable 

to genetic therapy. 

Further objects will be clear to one skilled in 

the art from the following detailed description of the 

present invention. 
15 In one embodiment, the present invention relates 

to a method of producing parvovirus capsids comprising 

the steps of: 

i) introducing into a host cell a recombinant DNA 
molecule comprising: 
20 a) an expression vector, and 

b) a DNA sequence encoding the structural 
proteins of a parvovirus, with the proviso that genes 
encoding non-structural parvovirus proteins are not 
included in the DNA sequence; 
25 ii) culturing the cells under conditions such that 

the structural proteins are produced and self assemble to 
form the capsids; and 

iii) isolating the capsids. 

In another embodiment, the present invention 
30 relates to a parvovirus antigen consisting essentially of 
a parvovirus capsid. 
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In yet another embodiment, the present invention 
relates to a diagnostic assay for parvovirus infection 
comprising: 

i) contacting a sample from a patient suspected 
5 of being infected with parvovirus with the 

above-described parvovirus capsid, and 

ii) detecting the formation of a complex between 
anti-parvovirus antibodies present in the sample and the 
parvovirus capsid. 

10 In another embodiment, the present invention 

relates to an anti-parvovirus vaccine comprising the 
above-described parvovirus capsid and a pharmaceutically 
acceptable carrier. 

In another embodiment, the invention relates to 

15 a method of packaging and transferring genetic 
information comprising: 

i) encapsidating the genetic information in the 
above-described parvovirus capsid and 

ii) introducing the encapsidated information 
20 into a host cell. 

In yet another embodiment, the present invention 
relates to a diagnostic kit comprising: 

i) the above-described parvovirus capsid; and 

ii) ancillary reagents. 

25 Brief Description of the Drawings 

Figure 1. Human DHFR minigene DM14. 
Figure 2. Structure of the B19 capsid 
expression vector. 

Figure 3. Amplification of B19 capsid genes. 
30 Figure 4. Immunoblot of B19 capsid proteins in 

CHO and bone marrow cells. 
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Figure 5. Immunofluorescence of a capsid — 
producing Chinese hamster ovary (CHO) cell-line: Figure 
2A - control CHO cells, and Figure 2B transformed CHO 
cells. 

5 Figure 6. Sedimentation of B19 capsids. 

Figure 7. Electron micrograph of transformed 
CHO cells - demonstration of intranuclear viral 
particles. 

Figure 8 . Growth curves . 

10 Detailed Description of the Invention 

The present invention relates to a method of 
producing parvovirus structural proteins utilizing 
recombinant DNA techniques, to expression vectors 
containing DNA sequences encoding the structural 

15 proteins, and to cells transformed with such recombinant 
molecules. The invention also relates to diagnostic 
assays utilizing the recombinantly produced parvovirus 
protein products, or antibodies to such proteins. The 
invention also relates to a vaccine effective against 

20 parvoviral infection comprising the recombinantly 
produced viral protein product. The invention also 
relates to methods of treating diseases amenable to 
genetic therapy, i.e., hemoglobinopathies and enzyme 
deficiency states, utilizing the recombinantly produced 

25 parvovirus protein products, specifically parvoviral 
capsids, in cell transfections. 

The present invention developed from Applicants 1 
discovery that empty, and thus non-infectious, parvovirus 
capsids can be produced in a host cell transformed with 

3 0 DNA sequences encoding the large and small parvovirus 
capsid protein species, but not the non-structural 
proteins. The elimination of the noncapsid proteins 
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allows for the production of parvoviral particles, micro- 
scopically indistinguishable from infectious particles, 
which are incapable of killing the host cell. 

In one embodiment , the present invention relates 
5 to a method of producing parvovirus structural proteins 
for example, B19 structural proteins, utilizing 
recombinant DNA techniques . Advantageously , the 

structural proteins self assemble in the host cell 
(eucaryotic or procaryotic) to form an empty, but intact, 
10 parvoviral capsid. Quantities of parvovirus capsids 
equal to or greater than those present in infected bone 
marrow cells, can be produced by the method of the 
invention. 

In a preferred embodiment, eucaryctic cells are 

15 transfected with a recombinant DNA molecule comprising an 
expression vector and the coding sequences of the capsid 
proteins of a parvovirus, under control of a promoter. 
For selection, cells carrying a marker that alters the 
phenotype of the cell are used as the host. The 

20 recombinant DNA molecule containing the capsidencoding 
sequences is cotransf ected with the sequence encoding the 
marker gene (i.e., a gene encoding an enzyme deficient in 
the untransf ected cell) . Transf ormants having the 
appropriate phenotype are readily selected by growing the 

25 cells in a selective medium. (Cells can be selected 
positively or negatively; negatively by the presence of 
a gene conferring resistance in selective medium and 
positively by the expression of a detectable marker 
allowing for identification and isolation of positive 

30 cells.) Such transformants are then screened, using known 
techniques, to determine which contain the capsid 
proteins. The capsid proteins are isolated in 
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substantially pure form using protocols known in the art. 

In a most preferred embodiment, CHO cells 
deficient in dihydrof olate reductase (DHFR) are 
cotransf ected with: i) a recombinant DNA molecule 
5 comprising an expression vector and a DNA sequence 
encoding the two B19 p*rvovir"<* caosid proton*- driven by 
the strong single B19 promoter, and ii) a human DHFR 
minigene driven by the SV4 0 early promoter enhancer unit. 
Transf ormants bearing the DHFR+ phenotype are selected by 

10 growing the cells in a medium lacking nucleosides; 
colonies are screened by RNA Northern analysis for 
expression of B19 genes. Coamplif ication of the 
integrated B19 capsid-encoding sequence and the DHFR 
sequence can be accomplished by treating the cells with 

15 increasing concentrations of methotrexate; 
coamplif ication results in detectable levels of protein 
expression. 

Empty B19 parvovirus capsids are found in the 
nuclei and cytosol of the CHO cells transfected and 
20 cultivated as described above. Large quantities of 
capsids are not released into the 

culture supernatants. The expression of the empty 
capsids does not affect growth of the CHO cells. 

In another embodiment, the present invention 

25 relates to a safe and effective method of producing 
antibodies against parvovirus capsids. The method 
comprises immunizing a mammal with the non-infectious, 
empty parvoviral capsids described above, usina Drotoco^ 
known in the art, and isolating the antibodies produced. 

30 Monoclonal antibodies specific for the parvoviral capsid 
can also be produced and isolated using known techniques. 
In a preferred embodiment, the antibodies, or useful 
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binding fragments t&^reof, are specific for an epitope 
present on the capsid. 

In another embodiment, the present invention 
relates to a vaccine effective against parvoviral 
5 infection. The vaccine includes the empty, 

non-infectious capsids described above (or an 
immunogenics ly effective portion thereof), purified so 
as to be e»! tially free of other proteins (that is, so 
as to be siare for use as a vaccine) . In a preferred 

10 embodiment, the capsids are B19 capsids. 

THe invention also relarces to diagnostic assays 
and kits baser* thereon for detecting the presence in a 
biological sampxe oi either parvoviral antigens or 
antibodies thereto. ' When parvoviral antigens are sought 

15 to be detected, antibodies specific for same, produced as 
described above, can be used according to known protocols 
to effect antigen detection. When antibodies are sought 
to be detected, the above-described empty, non-infectious 
parvoviral capsids (or portions thereof recognized by the 

20 antibody) , can be used as the antigen, in accordance with 
known techniques. It is contemplated that 

immunodef icient individuals incapable of producing 
antibodies against parvovirus can be detected by 
challenging such individuals with the empty, 

25 non-infectious capsid described above and determining 
whether antibody is produced in response to the 
challenge. 

The diagnostic kits of the invention comprise 
the above-described antibodies (or binding fragments) 
30 and/or capsid antigens and reagents, such as ancillary 
agents, for example, buffering agents. Where necessary, 
the kit can further include members of a signal-producing 
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system, numerous examples of which are known in the art. 

In another embodiment, the present invention 
relates to methods for packaging and delivering genetic 
material to the genome of a cell. The method comprises 
5 encapsidating the genetic material sought to transferred 
into the empty, non-infectious parvoviral capsid 
described above, and introducing the capsid into a host 
cell under conditions such that, once inside the cell, 
the genetic material is released from the capsid and 
10 expressed. In a preferred embodiment, adeno-associated 
virus DNA is used as the vector system. ( See Lebkowski 
et al. Mol. Cell. Biol. 8:3988 

(1988) and McLaughlin et al. J. Virol. 62:1963 (1988)). 

Genetic material suitable for use in such a 
15 method includes genes encoding proteins useful in the 
treatment of genetic defects, for example, 
hemoglobinopathies and enzyme deficiency states. Host 
cells include, for example, mammalian stem cells. 

The following non-limiting Examples describe the 
20 invention in more detail. 

Example I 

Preparation of Recombinant DNA Molecules and 
Transfection of CHO Cells 

The DHFR minigene employed consisted of the 

25 entire coding region of the DHFR gene and included the 
first intron; this construct was derived by restriction 
enzyme digestion and ligation from the original DHFR 
minigene, DM-1 ( Molec. Cell. Biol. 7:2830, 1987). The 
promoter-enhancer and polyadenylation signals were 

30 derived from the SV40 virus. For transfection, the DHFR 
minigene was cloned in pUC19 (see Figure 1) . 
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To prepare the B19 capsid expression vector, the 
nearly full-length B19 genomic clone pYT103c was digested 
with the enzymes EcoRl and Aat and subcloned into the 
standard vector pLTN-1. The nonstructural region was 
5 deleted by digestion with Xbal and Smal enzymes and 
recircularized (see Figure 2) . 

CHO cells were cotransf ected with DNA from two 
plasmid constructs , one containing the DHFR minigene and 
the other containing the B19 capsid genes. Transf ormants 

10 bearing the DHFR+ phenotype were selected by growing the 
cells in medium lacking nuclecsides and colonies were 
screened by RNA Northern analysis for expression of B19 
genes, Coamplif ication of the integrated B19 capsid — 
encoding sequence and the DHFR sequence was accomplished 

15 by treating the cells with increasing concentrations of 
methotrexate. 3-11-5 is a cell line established as 
described above which expresses the B19 capsid. 

Example II 
DNA and RNA Analysis 

20 DNA was prepared by conventional phenol- 

chloroform extraction and proteinase K digestion and RNA 
by the conventional guanidinium sulfate method from 
3-11-5 cells before and after culture in increasing 
concentrations of methotrexate (final concentration = 10 

25 @M) . DNA was analyzed by Southern and RNA by Northern 
hybridization using pYT103c, a B19 specific labeled DNA 
probe ( Science 233:883 (1986)) . The migration on agarose 
gel electrophoresis of the B19 DNA from 3-11-5 cells is 
consistent with the size of the transfected DNA insert 

3 0 and that of the RNA with the transcripts expected from 
the right side of the virus genome 
( J. Virol. 61:2395 (1987)) (see Figure 3). 
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Example III 
Comparison of B19 Capsid Accumulation 

by Immunoblot 
3-11-5 cells were compared to normal or 
5 erythroid bone marrow cells inoculated with virus and 
harvested at 48 hours (the peak of virus production; 
Blood 70:384 (1987)). Capsid protein was detected by 
Western blot using convalescent phase antiserum 
containing high titer anti-B19 capsid protein IgG ( J . 
10 Virol . 61:2627 (1987)) (see Figure 4). The amount of 58 
kd and 83 kd protein in 3-11-5 cells was intermediate 
between that harvested from cultures of normal and 
erythroid bone marrow. From comparison to known standard 
plasma preparations, it has been estimated that each 
15 3-11-5 cell contains between 1000-20000 capsids. 

Example IV 
Immunofluorescence 
3-11-5 and control CHO cells were fixed with 
acetone and stained with human convalescent phase serum 
20 containing anti-B19 capsid antibodies followed by 
f luorescein-conjugated anti-human IgG ( J. Clin. Invest. 
74: 2024 (1984)). All 3-11-5 cells show a pattern of 
strong and specific immunofluorescence in both cytoplasm 
and nuclei (see Figure 5) ♦ 
25 Example V 

Sedimentation Analysis of Capsids 
from 3-11-5 Cells 
Capsids from CHO 3-11-5 cells were compared to 
viral particles from human bone marrow culture ( Blood 
30 70:385 (1987)). Proteins were labeled by exposure of 
cultures to 35S-methionine , the cells were lysed, and the 
particulate fraction obtained by centrifugation over a 
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40% sucrose cushion ( J. Virol. 61:2627 (1987)). After 
suspension of the particulate fraction in a small volume 
of buffer, radioactively labeled capsids or virions were 
applied to sucrose ( J . Clin. Invest. 73:224 (1984)) or 
5 cesium chloride ( Science 233:883 (1986)) gradients (see 
Figure 6). On sucrose gradient sedimentation, empty 
capsids were clearly distinguished from intact virions, 
and isopycnic sedimentation in cesium showed a density 
consistent with empty capsids. 
10 Example VI 

Electron Microscopy of 3-11-5 Cells 
Cells were fixed and prepared for transmission 
EM as described f J. Clin. Invest. 74:2024 (1984)). 
Characteristic clusters of 20 nm particles were observed 
15 in the nuclei of 3-11-5 cells only (see Figure 7) . 

Example VII 
Growth Curves of 3-11-5 Cells 
Compared to Other CHO Cells 
Cells were serially harvested from microtiter 
20 wells and manually counted. Ercpry capsid production does 
not adversely affect cell proliferation of 3-11-5 (see 
Figure 8) . 

The foregoing invention has been described in 
some detail by way of examples for purposes of clarity 

25 and understanding. It will be obvious to those skilled 
in the art from a reading of the disclosure that site 
directed mutagenesis can be used to alter the amino acid 
sequence of the above-described capsids and thereby alter 
the tissue specificity of the virus. Furthermore, it 

30 will be clear that the DHFR-def icient CHO cells can be 
used to study the effect of nonstructural parvoviral 
proteins on cell replication. It will also be apparent 
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that various combinations in form and detail can be made 
without departing from the scope of the invention. 

The entire contents of all published articles 
cited herein are hereby incorporated herein by reference. 
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CLAIMS 

1. A method of producing parvovirus capsids 
comprising the steps of: 

i) introducing into a host cell a recombinant DNA 
5 molecule comprising: 

a) an expression vector, and 

b) a DNA sequence encoding the structural 
proteins of a parvovirus, with the proviso that genes 
encoding nonstructural parvovirus proteins are not 

10 included in the DNA sequence; 

ii) culturing the cells under conditions such that 
said structural proteins are produced and self assemble 
to form the capsids; and r 

iii) isolating the capsids. 

15 2. The method according to claim 1 wherein said 

parvovirus is B19. 

3. The method according to claim 1 wherein said 
host cell is a mammalian cell. 

4. The method according to claim 3 wherein said 
20 mammalian cell is a dehydrof olate reductase-def icient 

Chinese hamster ovary cell. 

5. A parvovirus antigen consisting essentially 
of a parvovirus capsid. 

6. The parvovirus antigen according to claim 5 
25 wherein said parvovirus is B19. 

7. A diagnostic assay for parvovirus infection 
comprising: 

i) contacting a sample from a patient suspected 
of being infected with parvovirus with said parvovirus 
30 antigen according to claim 5, and 
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ii) detecting the formation of a complex between 
anti-parvovirus antibodies present in said sample and 
said parvovirus antigen. 

8. The assay according to claim 7 wherein said 
5 parvovirus is B19 . 

9. The assay according to claim 7 wherein said 
sample is a serum sample. 

10. An anti-parvovirus vaccine comprising said 
parvovirus antigen according to claim 5 and a 

10 pharmaceutical^ acceptable carrier. 

11. The vaccine according to claim 10 wherein 
said parvovirus is B19. 

12. A method of packaging and transferring 
genetic information comprising: 

15 i) encapsidating said genetic information in 

said' parvovirus capsid according to claim 5; and 

ii) introducing said encapsidated information 
into a host cell. 

13. The method according to claim 12 wherein 
20 said parvovirus is B19. 

14. A diagnostic kit comprising: 

i) said parvovirus antigen according to claim 5; 

and 

ii) ancillary reagents. 

25 15. The diagnostic kit according to claim 14 

wherein said parvovirus is B19. 

16. The diagnostic kit according to claim 14 
further comprising a signal-producing system. 
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